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(54) Thermostabilization, osmoprotection, and protection against desiccation of enzymes, cell 
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(57) The utilization of mannosylglycerate as a sta- 
bilizer of enzymes and other cell components or cells, 
namely against heat, freezing, desiccation, lyophiliza- 
tion or repeated usage, is disclosed. Examples with lac- 
tate dehydrogenase and alcohol dehydrogenase show 



that this compound is a better protecting agent than tre- 
halose. This solute is produced in the hyperthermophilic 
archaea Pyrococcus furiosus, species of the genera 
Methanothermus and Thermococcus, and in the ther- 
mophilic bacteria Rhodothermus marinus and Thermus 
thermophilus. A purification procedure is disclosed. 




CM 
< 

o 
in 

CD 

T- 

00 

o 

Q. 
LU 



s, 75001 PARIS (FR) 



ISDCCID <EP 0816509A2.I_> 



EP 0 816 509 A2 



Description 



The invention concerns the use of mannosylglycer- 
ate (either the p or the <x anomers) for the stabilization 
of enzymes, other cellular components, and cells 
against general stress, namely caused by heat high os- 
molarity, desiccation, freeze-drying, and repetitive use 
Several intracellular, small molecular, solutes are 
known to accumulate in high levels when microorgan- 
isms are subjected to extreme environmental conditions 
such as temperature or osmotic stress. These solutes 
generally serve as osmolytes in halotolerant and halo- 
philic organisms. 

Osmolytes, commonly designated compatible sol- 
utes, maintain turgor pressure and cell volume and per- 
mit normal enzyme activity under osmotic stress The 
extremely halophilic Archaea and a few halophilic 
anaerobic Bacteria, accumulate K+, Na+ and CI- in re- 
sponse to changes in the extracellular salt concentra- 
tion, while all other microorganisms examined utilize or- 
ganic compatible solutes for osmotic adjustment to wa- 
ter stress. The numberof compatible solutes is relatively 
small, and fall into certain categories of compounds 
such as polyols and derivatives, sugars and derivatives 
amino acids and amino acid derivatives, small peptides' 
beta.nes. and ectoines [Brown, A. D. 1990. Microbial 
Water Stress Physiology - Principles and Perspectives 
John Wiley & Sons, Chichester]. 

In addition to being compatible with the normal ac- 
tivities of the cell, osmolytes also seem to have a pro- 
tective effect on the function of cell components namely 
proteins. It has been shown that some compatible sol- 
utes are capable of stabilizing proteins against temper- 
ature denaturation and denaturing agents such as de- 
tergents, organic solvents, urea and guanidine chloride 
[Arakawa. T. andS. N. Timasheff. 1985. Biophys J 47 
411-414; Arakawa. T. and S. N. Timasheff. 1983 Arch 
Biochem. Biophys. 224: 169-177; Arakawa, T and S N 
Timasheff. 1982. Biochem. J. 21: 6536-6544]. 

The addition of small molecular weight solutes to 
solutions containing proteins leads to alterations in the 
physical properties of water by increasing the surface 
tension and excluding solutes from the water-protein in- 
terface. In this way, the structure of water in the hydra- 
tion shell of the protein becomes highly organized lead- 
ing to the formation of a smaller protein-water interface 
The area of globular proteins is smaller in the native 
statethan in the denatured state, leading to a favourable 
ratio of native to denatured states. 

The greater stability of proteins in the presence of 
certain small molecular weight organic solutes allows 
enzymes to function under more extreme conditions im- 
posed by temperature, pressure, ionic strenght, pH de- 
tergents and organic solvents. The ability of some com- 
patible solutes to stabilize enzymes is. therefore of the 
upmost importance to modern biotechnology. It must al- 
so be stressed that compatible solutes protect proteins 
[Carpenter. J. F, J. H. Crowe and T Arakawa 1990 J 



Dairy Sci. 73: 3627-3636], cell membranes [Rudolph A 
S.. J. H. Crowe and L. M. Crowe. 1986. Arch. Biochem 
Biophys. 245: 1 34-143] and cells [Louis. P., H G Truper 
andE. A. Galinski. 1994. Appl. Microbiol. Biotechnol 41 
684-688; Leslie, S. B.. S. A. Teter. L. M. Crowe and J 
Crowe 19 94. Biochem. Biophys. Acta 1192' 7-13] 
from the deleterious effects of desiccation, and inspite 
of the great importance of desiccation and freezing in 
the conservation of biological samples, denaturation of 
proteins or a decrease of the viable count of cultures 
inevitably takes place. The preservation of desiccated 
or lyoph.lizedcell components has great applications in 
medicine (conservation of tissues and other products of 
biological origin), in the pharmaceutical industry (micro- 
encapsulation of medicines), the cosmetic industry (li- 
posomes), in the food industry (conservation of food) 
^es S ) ClentlflC r6SearCh (main,enance of cultures and cell 
Dehydration of cell membranes and cells results in 
a phase transition of the lipid bilayer. After rehydration 
the membranes undergo a reverse phase transition that 
can lead to the rupture of the membrane. The protection 
of membranes by low molecular weigth solutes is relat- 
ed to the substitution of water by these solutes between 
the polar head groups, thereby maintaining the appro- 
priate lipid phase when these structures are dehydrated 
Some thermophilic and hypertermophilic Bacteria 
and Archaea also produce low-molecular weight sol- 
utes. These solutes generally accumulate during growth 
30 at supraoptimal temperatures and/or salinities leading 
to the suggestion that they exert a protective effect on 
at least, some cell components. Under high growth te- 
mepratures, di-myo-inositol-(1 , 1 >phosphate and cyclic 
A3- diphosphoglycerate accumulate to high levels in 
Pyrococcus furiosus and Methanothermus fervidus re- 
spectively [Martins, L. O. and H. Santos. 1995 Appl En- 
viron. Microbiol. 61:3299-3303; Hensel, R. and H Ko- 
nig. 1988. FEMS Microbiol. Lett. 49: 75-79], 

A novel compatible solute designated 2-Op-man- 
nosylglycerate accumulates in the archaeon Pyrococ- 
cus furiosus, and the bacteria Rhodothermus marinus 
and Thermus thermophilus subjected to salt stress 
Martins L. O. and H. Santos. 1995. Appl. Environ. 
Microbiol. 61:3299-3303; Nunes. O. C, C. M. Manaia, 

m- k , COSta ^ H ' SantOS - 1995 - A PP'- Environ. 
Microbiol. 61. 2351-2357]. In the three species the in- 
tracellular concentration of this solute increases con- 
comitantly with the salinity of the growth medium 2-0- 
P-Mannosylgycerate was also detected in species of 
the genera Methanothermus and. Thermococcus [Mar- 
tins. L. O., R. Huber, H. Huber, K. O. Stetter, M.' S da 
Costa and H. Santos. 1997. Appl. Environ. Microbiol 63 
0000-0000]. 

It is expected that the a-anomer of mannosylglyc- 
erate exhibits properties similar to those of the p-ano- 
mer. The a-anomer of mannosylglycerate was identified 
previously in species of the algal order Ceramiales [Kre- 
mer. B. P. and R. Vogl. 1975. Phytochem 14 
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1309-1314], and also in the thermophilic bacteria Rho- 
dothermus marinus [Nunes. O. C, C. M. Manaia, M. S. 
da Costa and H. Santos. 1995. Appl. Environ. Microbiol. 
61: 2351-2357]. 

2-OP-Mannosylglycerate is considerably better 
than trehalose as a thermoprotectant for enzymes and 
is at least as good as trehalose in protecting enzymes 
against stress imposed by desiccation. This product can 
be used as a stabilizing agent of several biological sys- 
tems, such as. proteins, enzymes, biological mem- 
branes or artificial membranes or cells, vulnerable to 
damage and decreased efficiency (or viability) under 
harsh or stressing conditions, such as high tempera- 
tures, high salt concentrations, desiccation and/or freez- 
ing, and the action of denaturing agents (organic sol- 
vents, detergents, oxidizing agents and chaotropic sub- 
stances. In addition, man nosy Iglycerate can be used as 
an additive in cosmetics, either for stabilization of lipo- 
somes or for the improvement of moisturizing proper- 
ties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the chemical structure of 2-Op- 
mannosylglycerate. It is based on the data of Nunes, O. 
C, C. M. Manaia, M. S. da Costa and H. Santos. 1995. 
Appl. Environ. Microbiol. 61: 2351-2357. 

Figure 2 shows a comparison between the proton 
NMR spectrum of an extract (A) and that of purified 2-O- 
p-mannosylglycerate (B). 

Figure 3 shows the effect of 2-O-p-mannosylglyc- 
erate on the thermostability of rabbit muscle LDH(A), 
baker's yeast ADH (B), and bovine liver GDH (C). 

Figure 4 shows the effect of the concentration of 
2-Op-mannosylglycerate (•) and KCI (□) on the ther- 
mal stability of rabbit muscle LDH after 10 min incuba- 
tion at 50°C. 

Figure 5 shows the effect of 2-O-p-mannosylglyc- 
erate on enzymic activity after freeze-drying rabbit mus- 
cle LDH (A) and yeast ADH (B). 

EXAMPLE 1 

This example shows that 2-Op-mannosylglycerate 
(Figure 1 ) can be purified from ethanolic extracts of Py- 
rococcus furiosus, Pyrococcus woesei, Methano- 
thermus spp. Thermococcus spp. Rhodothermus mari- 
nus, ,and Thermus thermophilus after growth of these 
organisms in complex medium at supraoptimal temper- 
ature and salinities. 2-Op-Mannosylglycerate was pu- 
rifiedf rom ethanol/chioroform extracts of Pyrococcus fu- 
riosus by anion-exchange chromatography on QAE- 
Sephadex A25. The extract, corresponding to approxi- 
mately 100 g cells (wet weight) was loaded onto a QAE- 
Sephadex column (5 x 20 cm) equilibrated with 5 mM 
ammonium bicarbonate, pH 8.0. The elution was per- 
formed with a linear gradient of 5 mM to 1 M NH 4 HC0 3 
at a flow rate of 1 ml . min" 1 . Fractions containing car- 



bohydrates or phosphorus were pooled separately, con- 
centrated by lyophylization and analyzed by 1 H-NMR 
spectroscopy. Three main carbohydrate containing frac- 
tions were eluted: the first fraction eluted at 5 mM 

5 NH 4 HC0 3 and contained a non -identified polysaccha- 
ride; the second fraction eluted between 0.6-0.7 M 
NH4HCO3 and contained a mixture of di-myo-inositol- 
phosphate and 2-O-p-mannosylglycerate, and the third 
fraction, eluted at 0.8 M NH 4 HC0 3 contained pure 2-0 

10 p-mannosylglycerate as judged by 1 H-NMR spectros- 
copy. The fractions containing a mixture of di-myo-inosi- 
tol-phosphate and 2-O-p-mannosylglycerate were con- 
centrated by lyophilization, loaded onto a QAE-Sepha- 
dex column (2.6 x 20 cm) and eluted as described 

'5 above; the fractions containing pure 2-O-p-mannosylg- 
lycerate were pooled, and NH 4 HCO a was partially re- 
moved by passage through the ion retardation resin AG 
11-A8 (2 x 40 cm). Residual NH4 + was exchanged by 
H + by passage through a Dowex AG 50W-X8 column 

20 (2.5 x 10 cm). The K + salt of 2-O-p-mannosylglycerate 
was obtained by neutralization with KOH, the sample 
was lyophilized and ressuspended in ultra pure water in 
order to obtain a 1 M solution of 2-O-p-mannosylglycer- 
ate (potassium salt), pH 7.0. 

25 The degree of purification after each step was eval- 
uated by 1 H-NMR spectroscopy. Figure 2 shows a com- 
parison between the proton spectrum of an extract (A) 
and that of purified mannosylglycerate (B). The yield of 
2-Op-mannosylglycerate was approximately 2.5 g per 

30 100 g of Pyrococcus furiosus cells paste (wet weight). 
The potassium concentration measured by plasma 
emission spectroscopy in the final solution of 2-O-p- 
mannosylglycerate (prepared to a final concentration of 
1 M in the organic solute), was 1 M. No residual NH 4 + 

35 was detected in the solution of 2-O-p-mannosylglycer- 
ate utilized for evaluation of protection against stress 
factors. The 2-Op-mannosylglycerate solution (potas- 
sium salt) was aliquoted and stored at -20°C until used. 
The thermal stability of mannosylglycerate was moni- 

40 tored by incubating the pure compound (pH 7.0, 300 
mM)at95 0 Cinanoilbathand recording TH-NMR spec- 
tra at time intervals over a period of 1 80 min: No modi- 
fications in the spectrum were detected throughout the 
experiment, neither extra resonances were detected. 

45 

EXAMPLE 2 

This example shows that 2-Op-mannosylglycerate 
has a thermoprotective effect on enzymes used as mod- 
50 el-systems, namely rabbit muscle lactate dehydroge- 
nase (LDH), yeast alcohol dehydrogenase (ADH), and 
bovine liver glutamate dehydrogenase (GDH) and can 
be used to protect enzymes in general against thermal 
deactivation. 

55 Lactate dehydrogenase, LDH (Sigma Type III, rab- 
bit muscle), purchased as a suspension in ammonium 
sulfate, was centrifuged, the supernatant was discard- 
ed, and the enzyme was suspendend in 50 mM potas- 
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sium phosphate pH 7.5. Alcohol dehydrogenase (Sig- 
ma, baker's yeast) and glutamate dehydrogenase (Sig- 
ma Type III, bovine liver) were obtained in the lyophilized 
form and used without further purification. Enzymes 
were assayed using a Olis spectrophotometer with a 
thermostated cell compartment at 30°C. 

In the experiments where thermal stress was im- 
posed, enzymes were prepared at a concentration of 50 
pg . ml" 1 in 20 mM potassium phosphate buffer, and the 
reaction mixtures were placed in eppendorf tubes, incu- 
bated in a water-bath at the indicated temperatures, 
withdrawn at appropriate time intervals, cooled in an ice- 
bath and assayed immediately under standard condi- 
tions. All solutes were used at a final concentration of 
500 mM. 

The effect of 2-op-mannosylglycerate on the ther- 
mostability of rabbit muscle LDH, baker's yeast ADH, 
and bovine liver GDH was compared to that of trehalose, 
a compound that is generally described as a thermosta- 
bilizer. Potassium chloride was always added as a con- 
trol, since the potassium salt of 2-O-p-mannosylglycer- 
ate was used throughout the experiments. The percent- 
age of residual activity in relation to pre-incubation ac- 
tivity, measured after 10 min of incubation at the tem- 
peratures indicated, is shown in Figure 3, for rabbit mus- 
cle LDH (A), yeast ADH (B), and bovine liver GDH (C). 
2-O-p-Mannosylglycerate exerted a protective effect on 
lactate dehydrogenase at all temperatures, but its effec- 
tiveness was remarkable at the higher temperatures 
tested; in fact, after 10 min of incubation at 50°C, LDH 
retained only 5% of activity in the absence of 2-OP- 
mannosylglycerate whereas in its presence 90% activity 
was recovered; the corresponding values found after in- 
cubation at 62°C were 0% and 10%, respectively. Fur- 
thermore, a comparison of the effect exerted by 2-O-p- 
mannosylglycerate with that of trehalose, showed that 
this solute was not as efficient as 2-op-mannosylglyc- 
erate as thermoprotector of LDH. Alcohol dehydroge- 
nase was intrinsically more stable than lactate dehydro- 
• genase; furthermore, the activity retained after 10 min 
incubation at temperatures ranging from 40 to 55°C was 
similar in the presence of 2-O-p-mannosylglycerate or 
KCI. However, after incubation at 62°C, the percentage 
of activity determined was significantly higher in the 
presence of the former compound: 40% and 1 0% activ- 
ity was measured after incubation with 2-O-p-manno- 
sylglycerate and KCI, respectively. Bovine liver GDH 
was extremely thermolabile; activity was almost com- 
pletely lost after incubation for 10 min at 45"C; 2-op- 
mannosylglycerate was an effective protectant against < 
thermal inactivation after incubation of the enzyme at 
supraoptimal temperatures; for example, incubation for 
10 min at 55°C, resulted in a residual activity of 45% or 
23% in the presence of 2-O-p-mannosylglycerate or 
KCI, respectively. , 

The effect of the concentration of 2-Op-mannosylg- 
lycerate on the thermal stability of LDH was also moni- 
tored, and the results obtained after 10 min incubation 



at 50°C are shown in Figure 4. Increased concentrations 
of 2-Op-mannosylglycerate were increasingly effective 
on protecting LDH against thermal stress. Concentra- 
tions of 2-OP-mannosylglycerate higher than 500 mM 

5 were not tested; however, the increase in protection was 
much more pronounced when the concentration of 2-0 
P-mannosylglycerate was increased from 100 to 300 
mM, when compared to the effect when the concentra- 
tion was further increased to 500 mM; this suggests "sat- 

io uration" of the effect on LDH for a concentration of 2-0 
P-mannosylglycerate around 500 mM. KCI was much 
less effective than 2-Op-mannosylglycerate on protect- 
ing LDH against thermal stress; at temperatures above 
50°C, no protection was provided by any of the concen- 

'5 trations of KCI tested. 

EXAMPLE 3 

This example shows that 2-op-mannosylglycerate 
20 can be used as a protector against the deleterious ef- 
fects of lyophilization and desiccation on the enzyme ac- 
tivity of the model enzymes rabbit muscle LDH and 
yeast ADH, and can be used for the protection of en- 
zymes and enzymatic activity in general from the above 
25 mentioned effects. 

The assay mixtures for freeze-drying experiments 
were prepared at an enzyme concentration of 50 pg . 
mM, in 20 mM potassium phosphate buffer at the ap- 
propriate pH. The potassium salt of 2-Op-mannosylg- 
30 lycerate, KCI or trehalose were added to obtain final 
concentrations of 500 mM. Enzyme activity was meas- 
ured under standard conditions, the volume of each 
sample was determined, and all samples in a given ex- 
periment were frozen simultaneously by immersion in 
35 liquid nitrogen for 60 s. The frozen samples were lyophi- 
lized for 24 h on an lyophilizer and rehydrated in water 
to the same volume. The residual activity was immedi- 
ately measured by standard methods, and the results 
were expressed as percentual activity with respect to 
40 the results obtained before freeze-drying. 

The effect of 2-Op-mannosylglycerate on enzymic 
activity after freeze-drying of LDH (rabbit muscle) and 
ADH (yeast) are shown in Figure 5. LDH was very sen- 
sitive to freeze-drying (A); only 12% of the initial activity 
« was retained after freeze-drying in the absence of added 
solutes. In contrast, when 2-Op-mannosylglycerate or 
trehalose were added : the enzyme retained 85% and 
54% of initial activity, respectively. Furthermore, the en- 
zyme was completely inactivated after freeze-drying in 
so the presence of KCI. Yeast ADH retained 55% activity 
in the absence of solutes (B). and this value was in- 
creased to 89% and 98% in the presence of 2-Op-man- 
nosylglycerate or trehalose, respectively. 



Claims 

1. 2-Op-Mannosylglycerate can be purified from sev- 
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eral thermophilic and hyperthermophilic organisms, 
such as those of the genera Pyrococcus, Thermo- 
coccus, Methanothermus, Rhodothermus and 
Thermus grown in the appropriate medium at su- 
praoptimal temperatures and salinities. Under 
these conditions the production of 2-OP-manno- 
sylglycerate will yield considerable quantities of this 
solute for purification by the above mentioned meth- 
• odology or similar. The methodology employed will 
yield 2-O-p-mannosylglycerate in a highly purified 
state. 

The utilization of purified 2-O-p-mannosylglycerate 
of claim 1 wherein as thermostabilizing agent on 
lactate dehydrogenase, alcohol dehydrogenase, 
and glutamate dehydrogenase, and any other en- 
zyme of microbial, plant or animal sources to im- 
prove its thermal stability. 

. The utilization of 2-O-p-mannosylglycerale of claim 
1 wherein to protect enzymes or other proteins 
against temperature denatu ration induced by puri- 
fication, transportation and storage. This compound 
has a greater efficiency on the thermoprotection of 
enzymes than other conventional low molecular 
solutes. 



1 wherein for the protection against stress such as 
desiccation and lyophilization of cell membranes, li- 
posomes, liposome-containing cosmetics or lipid 
related substances. 

9. The utilization of 2-O-P-mannosylglycerate of claim 
1 wherein as an additive to cosmetics, namely skin 
moisturizing products. 

10. The utilization of 2-O-P-mannosylglycerate of claim 
1 wherein for protection against damage caused by 
lyophilization, desiccation, high temperatures, and 
freezing to microbial cells and cellular tissues. 

11 . The utilizations claimed in any one of claims 2 to 10 
wherein the other anomer of mannosylglycerate 
(2-O-a-mannosylglycerate) is used. 



4. The utilization of 2-O-p-mannosylglycerate of claim 
1 wherein as a protector of the activity of polymer- 
ase chain reaction (PCR) enzymes which have to 30 
be stable to the repeated heating-cooling cycles in- 
volved in this process. The use of DN A polymerases 
for clinical, biological and industrial purposes can 
be improved by the above mentioned compatible 
solute during the storage, as well as the high-tern- 35 
perature recycling of the enzymes. 



5. The utilization o1 2-O-p-mannosylglycerate of claim 
1 wherein as a stabilizer of enzymes during lyophi- 
lization. desiccation and storage at low tempera- 40 
tures. The compound of claim I wherein will be use- 
ful to protect enzymes during those processes that 
involve any type of desiccation or freeze-drying. 



6. The utilization of 2-O-p-mannosylglycerate of claim 
1 wherein as a stabilizing agent during the manu- 
facture, storage and assays using test kit enzymes, 
thereby prolonging storage and higher efficiency of 
said enzymatic test kits for diagnostic, biological 
and industrial purposes. 



7. The utilization of 2-O-P-mannosylglycerate of claim 
1 wherein to stabilize enzymes or other proteins 
during their routine utilization for clinical, biological 
and industrial purposes, namely when used in bio- 
sensors. 



8. The utilization of 2-O-P-mannosylglycerate of claim 



>ISDOCID- <EP 0816S09A2_I_> 



EP 0 816 509 A2 




Figure I 



_0816509A2J_> 



6 



EP 0 816 509 A2 



Figure 2 
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Figure 4 
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Figure 5 
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that this compound is a better protecting agent than tre- 
halose. This solute is produced in the hyperthermophilic 
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